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WKH ILQDO VFRSH RI WKLV LQYHVWLJDWLRQ >@2Q WKH RWKHU KDQG WKHPDLQ SDUW RI WKH UHVHDUFKHV DUH IRFXVHG RQ WKH
XQGHUVWDQGLQJ RI WKH RYHUDOO VWUXFWXUDO EHKDYLRXU RI UHWDLQLQJ JDELRQ VWUXFWXUHV >@)XUWKHUPRUH DOWKRXJK WKH
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FRQWDLQLQJFDJHDQGILOOLQJPDWHULDOWKHLQIOXHQFHRIHDFKFRPSRQHQWRQWKHRYHUDOO
SHUIRUPDQFHLVDOPRVWQRWDVVHVVDEOHHVSHFLDOO\LQWHUPVRIGHIRUPDWLRQ
7KH FXUUHQW UHVHDUFK DLPV DW GHHSO\ XQGHUVWDQGLQJ WKH FRQWULEXWLRQ RI HDFK HOHPHQW WR WKH ILQDO PHFKDQLFDO
EHKDYLRXU 7KH SDSHU GLVFXVVHV WKH ILUVW SDUW RI D ZLGH H[SHULPHQWDO UHVHDUFK DQG WKH PRGDOLWLHV WR GHVLJQ D
FRPSUHKHQVLYH WHVWLQJ SURJUDP DUH SUHVHQWHG $Q LQGHSWK GHVFULSWLRQ RI WKH SDUDPHWHUV PDLQO\ LQIOXHQFLQJ WKH
PHFKDQLFDO EHKDYLRXU RI JDELRQ HOHPHQWV XQGHU GLIIHUHQW ORDGLQJ FRQGLWLRQV DUH DOVR DGGUHVVHG 7KH FRQVLGHUHG
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DQGWKHILOOLQJPDWHULDOVWRQHV)XUWKHUPRUHGLIIHUHQW
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FRPSUHVVLRQWHVWVLQXQFRQILQHGDQGFRQILQHGFRQGLWLRQVVKHDUWHVWVRQ
VLQJOHJDELRQVDQGVOLGLQJWHVWVRQWZRVXSHULPSRVHGHOHPHQWV)LQDOO\WKHSDSHUGHDOVZLWKWKHWHVWLQJOD\RXWDQGWKH
VHWXSRILQVWUXPHQWVWKXVFRPSOHWLQJWKHGHVFULSWLRQRIWKHUHVHDUFK7KHH[SHULPHQWDOFDPSDLJQZLOOEHVWDUWHGLQWKH
QH[WSHULRGWKHQWKHWHVWUHVXOWVZLOOEHSUHVHQWHGLQIXWXUHSDSHUV
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DUHPPîPPDQGPPîPPDVKRUL]RQWDODQGYHUWLFDOPHDVXUHVRIWKHPHVKUHVSHFWLYHO\7ZREDU
GLDPHWHUVDUHXVXDOO\DGRSWHGIRUZHOGHGPHVKJDELRQVQDPHO\PPDQGPP
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HYDOXDWHG7KHODVWVWRQHW\SRORJ\KDVQRWEHHQDOUHDG\LGHQWLILHG7KLVZRXOGKDYHGLIIHUHQWQDWXUHW\SRORJ\VXFKDV
EDVDOWRUJUDQLWHDQG ORZHUFRPSUHVVLYH VWUHQJWK7KLVZLOO DOORZ WR LQYHVWLJDWH WKH LQIOXHQFHRI WKHFRPSUHVVLYH
VWUHQJWKRIILOOLQJPDWHULDORQWKHRYHUDOOEHKDYLRXURIDJDELRQ
)LQDOO\WZRILOOLQJPHWKRGVDUHXVXDOO\DGRSWHGKDQGRUDXWRPDWHGILOOLQJUHVSHFWLYHO\7KLVDOVRKDVDQRWLFHDEOH
LQIOXHQFHRQWKHRYHUDOOEHKDYLRXURIVDPSOHV,QGHHGWKHPDQXDOILOOLQJDOORZVERWKDORZHUYRLGLQGH[DQGDEHWWHU
DUUDQJHPHQW RI VWRQHV WKXV UHIOHFWLQJ LQ D EHWWHU LQWHUORFNLQJ RI ILOOLQJ HOHPHQWV 7KLV LV WKHQ JXDUDQWHHLQJ DQ
LPSURYHG RYHUDOO PHFKDQLFDO EHKDYLRXU RI WKH VDPSOH 7KH PDQXDO PHWKRG LV FRQVLGHUHG IRU WKLV H[SHULPHQWDO
FDPSDLJQ
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FRPSUHVVLRQORDGEHLQJFRQILQHGE\RWKHUJDELRQVRQODWHUDOVLGHVDQGHLWKHUE\DJDELRQRUE\VRLOLQWKHEDFNIDFH
7KHFRQILQHPHQWZLOOEHUHDOL]HGWKURXJKULEEHGVWHHOSODWHVPXWXDOO\MRLQHGDQGDGDSWDEOHWRWKHJHRPHWU\RIVDPSOHV
7KHVHFRQGFDVHXQFRQILQHGVSHFLPHQ LVFRQVLGHUHGZLWK WKHDLP WRFKDUDFWHUL]H WKHPHFKDQLFDOEHKDYLRXURID
JDELRQFRQVLGHUHGDVWKHEDVLF³EULFNHOHPHQW´RIDUHWDLQLQJZDOO7KLVVHFRQGWHVWLQJFRQILJXUDWLRQZLOODOVROHDGWR
DQ HDVLHU DQG EHWWHU XQGHUVWDQGLQJ DERXW WKH LQIOXHQFH RI HDFK FRQVLGHUHG YDULDEOH VHH VHFWLRQ  RQ WKH RYHUDOO
PHFKDQLFDOEHKDYLRXURIDJDELRQ$OOWKHVSHFLPHQVVXEMHFWHGWRFRPSUHVVLRQWHVWVZLOOKDYHJURVVGLPHQVLRQVRI
P[P[P7KHVHRYHUDOOGLPHQVLRQVKDYHEHHQFKRVHQEHLQJUHSUHVHQWDWLYHRIDXQLWDU\UHVLVWLQJFHOORI
DJDELRQSURYLGHGZLWKGLDSKUDJPV)LQDOO\WKHUHVXOWVZLOODOVROHDGWRLGHQWLI\LIWKHXQFRQILQHGFRPSUHVVLRQWHVW
FRXOG EH D VXLWDEOH DQG UHOLDEOHPHWKRGRORJ\ WR FKDUDFWHUL]H WKH RYHUDOO PHFKDQLFDO EHKDYLRXU RI VXFK D ³EULFN
HOHPHQW´
7KHWHVWLQJFRQWUROZLOOEHGLYLGHGLQWRWZRSDUWV'XULQJWKHILUVWSKDVHZKHQWKHJDELRQH[KLELWVDOLQHDUWUHQGD
VWHSZLVHORDGLQFUHPHQWZLOOEHFRQVLGHUHG(DFKVWHSZLOOFRQVLGHUDQLQFUHPHQWHTXDOWRN3D$ZDLWLQJWLPHRI
PLQXWHVZLOOEHFRQVLGHUHGEHWZHHQWZRVXEVHTXHQWVWHSVLQRUGHUWRDOORZIRUWKHVWDELOL]DWLRQRIWKHVDPSOH7KH
WHVWLQJFRQWUROZLOOEHVZLWFKHGWRGLVSODFHPHQWFRQWURORQFHWKHOLQHDUWUHQGZLOOEHRYHUVWHSSHG7KLVZLOODOORZWKH
SRVWSHDNEHKDYLRXUWREHLQYHVWLJDWHG
'LUHFWVKHDUWHVWV
7KHVKHDUEHKDYLRXUZLOOEHLQYHVWLJDWHGWKURXJKDVHULHVRIGLUHFWVKHDUWHVWVRQWZRGLIIHUHQWNLQGRIVSHFLPHQV
QDPHO\DVLQJOHJDELRQDQGWZRVXSHULPSRVHGJDELRQVFRQQHFWHGWKURXJKODFLQJZLUHRU&ULQJV7KHILUVW WHVWLQJ
FRQILJXUDWLRQZLOODOORZWRLQYHVWLJDWHWKHLQIOXHQFHRIWKHVWHHOPHVKRQWKHRYHUDOOVKHDUEHKDYLRXURIDJDELRQ7KH
VHFRQGFRQGLWLRQZLOOOHDGWRVWXG\WKHPHFKDQLFDOEHKDYLRXURIWKHFRQQHFWLRQEHWZHHQWZRHOHPHQWVDQGWKHVOLGLQJ
EHWZHHQWKHP$OOWKHVSHFLPHQVVXEMHFWHGWRGLUHFWVKHDUWHVWVZLOOKDYHDSODQHJURVVVHFWLRQRIP[PDQG
DQRYHUDOOKHLJKWHTXDOWRP7KHVHGLPHQVLRQVDUHGHSHQGLQJRQWKHJHRPHWULFDOFKDUDFWHULVWLFVRIWKHGLUHFWVKHDU
PDFKLQH
6HWXSRILQVWUXPHQWV
7ZRGLIIHUHQWOD\RXWVRILQVWUXPHQWVZLOOEHDGRSWHGGHSHQGLQJRQWKHUHOHYDQWWHVWLQJPHWKRG%RWKJOREDODQG
ORFDOPHDVXUHVDUHFRQVLGHUHG7KHVHWXSVDUHSUHVHQWHGLQWKHIROORZLQJSDUDJUDSKV
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&RPSUHVVLRQWHVWV
7ZRVLPLODUOD\RXWVRILQVWUXPHQWVZLOOEHFRQVLGHUHGIRUWKHFRQILQHGDQGXQFRQILQHGWHVWV$ORDGFHOOZLOOEH
SODFHGWRPRQLWRUWKHYHUWLFDODFWLRQ6HYHUDOGLVSODFHPHQWVHQVRUVZLOODOORZWKHRYHUDOOEHKDYLRXURIHDFKVDPSOHWR
EHFRQWUROOHG
x WKUHH/9'7VFRQWUROWKHJOREDOYHUWLFDOGLVSODFHPHQWRIWKHORDGLQJSODWH
x DVHULHV/9'7VFRXSOHGZLWKDURWDWLRQDODUHXVHGWRPRQLWRUWKHWUDMHFWRU\RIORFDOSRLQWVWKHFHQWUDOSRLQWVRI
IUHHVLGHVRIWKHJDELRQIRUFRQILQHGWHVWVDQGIRUXQFRQILQHGWHVWVZLOOEHVSHFLILFDOO\VWXGLHG
x WKUHHOLQHDUZLUHSRWHQWLRPHWHUVFRQWUROWKHYDULDWLRQRIWKHJOREDOFLUFXPIHUHQWLDOOHQJWKDWGLIIHUHQWKHLJKWOHYHOV
WKHYROXPHYDULDWLRQRIWKHFHOOLVWKHQPRQLWRUHGDQG
x RQHOLQHDUZLUHSRWHQWLRPHWHUPHDVXUHVWKHOHQJWKYDULDWLRQDORQJDYHUWLFDOOLQHRQWKHVXUIDFHRIWKHVDPSOH
)XUWKHUPRUHVWUDLQJDXJHVZLOOEHDOVRXVHGWRPRQLWRUWKHVWUDLQRIVRPHLQWHUQDOWLHVIRUUHOHYDQWVSHFLPHQV$
VFKHPDWLFYLHZRIERWKOD\RXWVLVSUHVHQWHGLQ)LJDDQG)LJE
'LUHFWVKHDUWHVWV
%RWK ORDGDQGGLVSODFHPHQW YDOXHVZLOOEHPRQLWRUHGGXULQJGLUHFW VKHDU WHVWV7ZR ORDGFHOOVZLOOEHXVHG WR
PRQLWRU WKH KRUL]RQWDO VKHDU ORDG DQG WKH YHUWLFDO SUHFRPSUHVVLRQ ORDG UHVSHFWLYHO\$ERXW GLVSODFHPHQWV WKUHH
/9'7V ZLOO EH SODFHG WR FRQWURO WKH YHUWLFDO GLVSODFHPHQW RI WKH VWHHO SODWH XVHG WR WUDQVIHU WKH YHUWLFDO ORDG
)XUWKHUPRUHDQDGGLWLRQDO/9'7ZLOOEHXVHGWRUHFRUGWKHKRUL]RQWDOUHODWLYHGLVSODFHPHQWEHWZHHQXSSHUDQGORZHU
SDUWRIWKHWHVWULJ$VFKHPDWLFYLHZRIWKHLQVWUXPHQWDOVHWXSIRUGLUHFWVKHDUWHVWVLVVKRZQLQ)LJF

D E F
)LJ6HWXSRILQVWUXPHQWVIRUFRQILQHGFRPSUHVVLRQDXQFRQILQHGFRPSUHVVLRQEDQGVKHDUFWHVWV,QGLFDWLRQRIORDGFHOOVODUJHDUURZV
/9'7VVPDOODUURZVURWDWLRQDOVHQVRUVFLUFOHVDQGOLQHDUZLUHSRWHQWLRPHWHUVGRWOLQHVSRVLWLRQV
&RQFOXVLRQDQGIXWXUHGHYHORSPHQWV
7KHSDSHURXWOLQHV WKHGHVLJQRID ODUJHH[SHULPHQWDO FDPSDLJQDLPLQJDW LPSURYLQJ WKHXQGHUVWDQGLQJRQ WKH
RYHUDOO PHFKDQLFDO EHKDYLRXU RI JDELRQ HOHPHQWV 7KH PDLQ SDUDPHWHUV JRYHUQLQJ WKHLU RYHUDOO EHKDYLRXU DUH
LGHQWLILHGDQGGLVFXVVHG
%RWK FRPSUHVVLRQ DQG GLUHFW VKHDU WHVWV DUH SODQQHG LQ RUGHU WR UHDFK D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH
SHUIRUPDQFHRIWKHVDPSOHV7KHFRPSUHVVLRQWHVWVZLOOFRQVLGHUGLIIHUHQWERXQGDU\FRQGLWLRQVQDPHO\XQFRQILQHG
DQGFRQILQHGRQWKUHHVLGHVWRVLPXODWHWKHUHDOILHOGDSSOLFDWLRQ7KHVHWXSRILQVWUXPHQWVDQGWKHUHODWHGPHDVXUHV
DUHDOVRSUHVHQWHG
7KH IRUWKFRPLQJ ODERUDWRU\ WHVWVZLOO DOORZ DQ LQGHSWK XQGHUVWDQGLQJ RI WKH RYHUDOOPHFKDQLFDO EHKDYLRXU RI
JDELRQHOHPHQWV7KHLQIOXHQFHRIWKHUHOHYDQWLGHQWLILHGYDULDEOHVZLOOEHDOVRDVVHVVHG
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)XWXUH VWXGLHV EDVHG RQ WKH H[SHULPHQWDO UHVXOWV ZLOO GHDO ZLWK QXPHULFDO PRGHOV DLPLQJ DW DQ LPSURYHG
XQGHUVWDQGLQJRIWKHLQWHUQDOPHFKDQLVPVJRYHUQLQJWKHRYHUDOOEHKDYLRXURIWHVWHGVDPSOHV
$FNQRZOHGJHPHQWV
7KLV UHVHDUFK LV ILQDQFLDOO\ VXSSRUWHG E\ WKH 3URYLQFH RI %RO]DQR ,WDO\ 7KH DXWKRUV ZRXOG OLNH WR WKDQN
(QJ36DQWRVDQG(QJ-GD6LOYD0DFFDIHUUL%UD]LO(QJ50DKDMDQDQG(QJ$.DFKKDO0DFFDIHUUL,QGLDIRU
WKHLUIXQGDPHQWDOVXSSRUWLQWKHGHYHORSPHQWRIWKHFXUUHQWUHVHDUFK
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